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The  Significance  of  Growth  Stages  of  Sweet  Corn  as 
Related  to  Infestation  by  the  European  Corn  Borer 

Raimon  L.  Beard 

Prediction  of  insect  damage  to  food  or  other  commercial  crops  is  more 
important  now  than  ever  before.  Such  prediction,  if  at  all  reliable, 
can  be  used  to  increase  the  efficiency  and  economy  of  insecticidal  control 
measures  and  in  some  cases  to  eliminate  these  measures  by  the  substitution 
of  cultural  practices.  In  such  instances,  a  knowledge  of  the  relationships 
between  the  destructive  insect  and  its  host  plant  is  essential. 

At  the  present  time  in  the  Corn  Belt,  delayed  planting  of  resistant  varie- 
ties is  advised  to  reduce  the  damage  caused  by  the  European  corn  borer 
(Pyrausta  nubilalis  Hiibn.).  Now  that  the  borer  is  present  in  increasing 
numbers  throughout  a  larger  area  of  the  Corn  Belt,  and  the  bivoltine  strain 
is  extending  its  range,  a  knowledge  of  the  pattern  of  insect  attack  becomes 
of  greater  value.  Although  the  work  reported  here  was  done  on  sweet 
corn  in  Connecticut,  it  should  have  some  application  to  field  corn  grown 
in  the  Midwest. 

In  New  England  and  other  northeastern  states,  where  the  bivoltine  strain 
of  corn-  borer  is  present,  sweet  corn  is  the  principal  crop  infested  by  this 
insect.  To  provide  a  succession  of  harvests,  corn  is  planted  at  successive 
dates,  or  several  hybrids  which  mature  at  different  times  are  planted  at  one 
time.  In  either  case  some  plantings  are  more  severely  injured  than  others. 
The  reasons  for  this  lie  in  the  facts  that  (1)  the  level  of  insect  abundance 
changes  throughout  the  season ;  that  is,  oviposition  begins  late  in  May, 
rises  to  a  peak  in  mid- June,  declines  to  a  low  in  early  July,  rises  to  a  second 
peak  (second  generation)  in  mid-August,  and  then  declines  again;  (2) 
not  all  stages  of  the  corn  plant  are  equally  susceptible  to  corn  borer  infesta- 
tion since  (a)  the  moths  favor  the  older,  taller  plants  for  oviposition  and 
(b)  survival  of  borers  is  greater  on  older  than  on  younger  plants. 

This  means  that  if  corn  in  susceptible  stages  of  growth  is  present  at 
the  time  of  greatest  oviposition,  the  maximum  injury  will  result,  and 
insecticidal  control  measures  are  necessary  if  the  crop  is  to  be  profitable. 
Conversely,  if  corn  in  stages  of  growth  which  support  the  borer  with  diffi- 
culty is  present  at  a  time  when  oviposition  is  at  a  low  level,  minimum  injury 
is  to  be  expected  and  insecticidal  treatment  is  a  waste  of  time  and  material. 
Between  these  two  extremes  lie  conditions  which  may  or  may  not  justify 
the  use  of  insecticides,  and  some  basis  for  judgment  is  essential  if  the 
most  economical  course  is  to  be  taken. 

It  is  well  established1  that  corn  planted  early  is  more  susceptible  to 
injury  by  the  borer  than  is  corn  planted  late ;  that  taller  corn  is  more  heavily 
inf ested  than  shorter  corn ;   that  early  maturing  hybrids  are  more  severely 

1  As  reviewed  by  Beard  (4). 
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injured  than  late-maturing"  hybrids.  The  lighter  infestation  in  shorter  corn 
is  due  chiefly  to  an  escape  from  oviposition,  whereas  in  late  corn,  whether 
by  virtue  of  its  longer  developmental  time  or  its  late  planting  date,  the 
lighter  infestation  is  due  not  only  to  a  lower  oviposition  rate,  but  also  to 
the  fact  that  establishment  and  survival  of  the  borers  themselves  are  less. 

Unfortunately,  the  terms  early  and  late,  and  tall  and  short,  are  relative 
and  are  meaningless  if  no  standards  of  measurement  are  commonly 
employed.  What  constitutes  an  early  planting  date  in  one  locality  may  be 
late  in  another,  and  a  "tall"  hybrid  may  be  relatively  short  when  grown 
under  conditions  peculiarly  adverse  to  this  hybrid.  Moreover,  the  time 
required  for  a  given  hybrid  to  mature  varies  with  the  season.  For  example, 
the  sweet  corn  hybrid  Marcross  may  require  20  days  longer  to-  reach 
maturity  when  planted  in  mid-April  than  when  planted  in  mid-June.  For 
these  reasons,  the  date  of  planting  and  the  date  of  maturity  may  tell  very 
little  about  the  conditions  favoring  or  limiting  corn  borer  oviposition  and 
survival.  Silking  date,  too,  has  been  a  common  point  of  orientation,  but 
this  has  the  disadvantage  of  too  often  indicating  a  stage  after  much  ovi- 
position has  occurred. 

It  is  far  more  desirable  to  know  in  what  stages  the  plant  may  be  when 
eggs  are  being  deposited  and  borer  establishment  is  taking  place.  The 
importance  of  this  becomes  apparent  when  it  is  considered  that  the  sus- 
ceptibility of  corn  during  the  few  days  marking  the  peak  of  the  oviposi- 
tion may  make  a  large  difference  in  the  resultant  infestation.  It  is  common 
for  40  per  cent  or  more  of  the  eggs  of  the  first  generation  to  be  deposited 
within  only  five  days.  Vance  (12),  working  with  the  univoltine  strain 
in  the  eastern  North  Central  States,  noted  that  in  1928  and  1938,  respec- 
tively, 61.5  per  cent  and  60  per  cent  of  the  eggs  were  deposited  within 
five  days.  Thus  corn  in  stages  unfavorable  to  the  borer  at  such  a  time 
would  escape  a  proportionately  larger  number  of  borers  than  at  other  times, 
even  though  the  absolute  number  might  be  greater,  due  to  the  impact  of  an 
unusually  heavy  population. 

In  view  of  these  considerations,  the  current  study  was  designed  to  deter- 
mine the  complete  pattern  of  attack  by  the  corn  borer,  with  emphasis  upon 
the  consideration  of  the  development  of  corn  in  all  stages.  The  classifica- 
tion of  growth  stages  by  Batchelder  (2)  was  used  throughout.  This  classi- 
fication divides  the  characteristics  of  corn  plant  development  into  1 1  descrip- 
tive categories,  namely,  primary  whorl  (P-W),  early  whorl  (W-l),  mid- 
whorl  (W-2),  late  whorl  (W-3),  early  green  tassel  (T-l),  mid-green 
tassel  (T-2),  late-green  tassel  (T-3),  early  silk  (S-l),  mid-silk  (S-2), 
late  silk  (S-3)  and  roasting  ear  (R-E).  Although  it  must  be  kept  in  mind 
that  the  development  of  corn  is  a  continuous  process  and  that  the  end  of 
one  stage  merges  into  the  beginning  of  the  next,  the  stages  as  defined  by 
Batchelder  are  sufficiently  distinct  to  serve  as  reliable  points  of  reference. 
The  present  writer  adds  still  another  stage,  the  seedling  (Sg),  which 
includes  all  plants  smaller  than  the  primary  whorl. 
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METHODS 

During  the  summer  of  1942,  at  the  Mount  Carmel  experimental  farm  of 
this  Station,  80  randomized  plots  in  one  field  and  60  randomized  plots  in  a 
nearby  field  were  laid  out.  The  soil  and  culture  in  the  two  fields  were  essen- 
tially alike.  A  separation  of  6  feet  between  plots  served  to  restrict  migra- 
tion of  borers  from  one  plot  to  another.  Although  an  effort  was  made 
to  grow  20  corn  plants  in  each  plot,  in  some  plots  one  or  more  plants  failed 
to  develop  due  to  poor  germination  or  to  cutworm,  wireworm  or  mechanical 
injury.  Beginning  on  April  17  and  continuing  until  July  16,  a  sequence 
of  plantings  was  made.  At  each  planting,  five  plots  were  planted  to  Mar- 
cross  and  five  to  Lexington.  Marcross  was  chosen  because  it  is  one  of  the 
most  satisfactory  early  hybrids  for  this  region,  and  Lexington,  because  it 
requires  the  same  time  for  maturity  as  Marcross,  but  usually  produces 
taller  plants.  The  dates  of  planting  were  not  spaced  at  regular  intervals. 
Instead,  when  the  seedlings  of  one  planting  appeared  above  ground,  seed 
for  the  next  series  was  planted.  This  resulted  in  a  well-graded  series  of 
growth  stages  throughout  the  entire  summer. 

Complete  records  were  taken  of  the  development  of  all  plantings  by 
noting  the  dates  on  which  each  plant  stage  was  reached  by  the  corn  in  each 
plot. 

Throughout  the  oviposition  periods  of  both  flights  of  moths,  all  plants 
were  carefully  examined  for  eggs  at  frequent  intervals.  During  periods  of 
unfavorable  weather  the  interval  was  as  great  as  one  week,  but  it  is  believed 
that  a  very  small  proportion  of  eggs  hatched  without  being  counted.  When 
possible,  the  corn  was  examined  twice  within  the  period  of  time  required 
for  hatching'  so  that  egg  masses  missed  during  the  first  examination  would 
likely  be  found  at  the  second.  Each  egg  mass  was  counted  with  the  aid 
of  a  hand  lens  and  labelled  by  stapling  a  tag  on  the  corn  leaf  adjacent 
to  the  mass.  On  the  label  were  recorded  the  date  of  observation,  the 
number  of  eggs  and  the  stage  of  plant  growth  at  the  time  of  observation. 
Upon  subsequent  examination  of  the  corn  plant  the  fate  of  the  egg  mass 
was  noted  insofar  as  was  possible. 

On  corn  leaves  which  showed  nothing  more  than  a  bare  outline  indi- 
cating the  former  presence  of  an  egg  mass,  the  mass  was  presumed  to  have 
sloughed  off  before  hatching.  Egg  masses  which  had  hatched  or  become 
parasitized  were  so  recorded.  Unfortunately,  predation  could  not  be  deter- 
mined with  any  degree  of  certainty.  There  was  evidence  of  considerable 
predation  by  mites,  thrips,  coccinellid  larvae  and  adults,  lace-wing  larvae 
and  certain  Hemiptera,  but  frequently  the  egg  mass  fed  upon  by  these 
predators  so  closely  resembled  a  hatched  egg  mass  that  it  was  impossible 
to  distinguish  between  the  two  with  accuracy.  Because  daily  observations 
on  all  corn  were  not  possible  in  view  of  the  labor  involved,  the  exact  dates 
of  oviposition  and  hatch  are  not  known.  Consequently,  all  references  to 
date  of  infestation  or  stage  of  plant  growth  at  the  time  of  infestation,  apply 
to  the  date  or  stage  on  which  observation  of  the  unhatched  egg  mass  was 
made.     Because  of  the  effort  made  to  examine  the  corn  twice  within  the 
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time  required  for  hatching-  of  the  eggs,  it  is  probable  that  the  date  would 
be  nearer  that  of  oviposition  than  of  hatching. 

When  corn  of  a  given  planting  reached  the  later  phases  of  the  late  silking 
stage,  all  plants  were  carefully  dissected  and  all  borers  found  were  noted 
as  to  position  in  the  ears,  stalk  or  elsewhere  in  the  main  plant  and  tillers. 
It  was  desirable  to  dissect  the  corn  before  it  reached  the  roasting  ear  stage, 
as  there  is  a  tendency  for  some  borers  to  migrate  from  the  ears  at  this 
latter  stage. 

OVIPOSITION 

The  data  obtained  on  oviposition  by  the  corn  borer  moth  are  summarized 
in  Table  1,  which  indicates  the  average  numbers  of  egg  masses  and  of 
eggs  per  10  plants,  with  the  distribution  as  to  generation,  for  each  planting 
of  Marcross  and  Lexington  hybrids. 


Table  1. 


Corn  Borer  Oviposition  on  14  Plantings  of  Marcross  and 
Lexington  Hybrids1 


Date  of 

Average   number 
of  egg  masses 

Average   number 
of    eggs   per 

Per  cent  of  eggs  in: 

Planting 

First 

Second 

number 

planting 

per  10  plants 

10  plants 

generation 

generation 

Marcross 

1 

April  17 

82 

1.421 

100.0 

? 

29 

39 

689 

100.0 

3 

May    11 

32 

473 

97.0 

3.0 

4 

19 

12 

207 

75.0 

25.0 

5 

26 

11 

215 

27.8 

72.2 

6 

June      1 

27 

632 

1.4 

98.6 

7 

8 

32 

728 

100.0 

8 

13 

46 

1,089 

100,0 

9 

18 

56 

1,235 

100.0 

10 

23 

68 

1,385 

100.0 

11 

29 

52 

1,087 

100.0 

12 

July      6 

41 

858 

100.0 

13 

11 

26 

518 

100.0 

14 

16 

17 

347 

100.0 

Lexington 

1 

April  17 

76 

1,362 

100.0 

2 

29 

31 

532 

100.0 

3 

May    11 

30 

491 

96.5 

3.5 

4 

19 

17 

282 

73.8 

26.2 

S 

26 

15 

297 

24.5 

75.5 

6 

June      1 

26 

582 

2.6 

97.4 

7 

8 

35 

786 

1000 

8 

13 

46 

1,096 

100.0 

9 

18 

63 

1,338 

100.0 

10 

23 

60 

1,271 

100.0 

11 

29 

56 

1,165 

100.0 

12 

July      6 

44 

909 

100.0 

13 

11 

33 

683 

100.0 

14 

16 

16 

327 

100.0 

1  Total    number   of   eggs   deposited   on    1,363    plants   of   Marcross    (all   plantings)    was    104,762. 
Total  numiber  of  eggs  deposited  on  1,335   plants  of  Lexington   (all  plantings)   was  104,973. 
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Considering  the  first  generation  alone,  the  first  planting  received  'the 
heaviest  number  of  eggs,  not  only  because  it  was  available  to  attack  for  a 
greater  length  of  time,  but  because  at  the  onset  of  oviposition  it  was  in  a 
stage  more  favorable  for  oviposition.  There  is  a  tendency  for  oviposition  to 
be  delayed  on  later  plantings  until  the  corn  reaches  more  favorable  growth 
stages.  Offsetting  this  tendency  to  some  extent  is  the  fact  that  under  the 
impact  of  an  increasing  oviposition  rate,  more  of  the  smaller  corn  is  attacked 
(see  Table  3).  Even  so,  the  oviposition  trend  varies  in  time  somewhat  with 
each  planting,  as  can  be  seen  in  Table  2,  which  indicates  the  dates  on  which 
the  quartiles  of  the  total  oviposition  of  each  planting  were  completed.  The 
stage  of  growth  reached  by  50  per  cent  or  more  of  the  plants  in  a  given 
series  is  indicated  for  each  date.  Only  the  oviposition  of  the  first-genera- 
tion moths  on  Marcross  corn  is  considered. 


Table  2.     Oviposition  Trend  of  First-Generation  Corn  Borer  on 
Marcross  Corn 


Total  eggs 

deposited 

Date  of 

(100  plants 

Oviposition 
first 

Per  cent   of  total   oviposition 

planting 

ing) 

observed 

25 

SO 

75 

100 

Apr.  17 

14,208 

May  25  P- W 

Jn.    7    W-2 

Jn.  10    W-3 

Jn.  14   T-l 

Jn.  30    S-2 

Apr.  29 

6,894 

May  27  Sg 

Jn.  10    W-l 

Jn.  13    W-2 

Jn.  17    W-3 

Jn.30    S-l 

May  11 

4,591 

Jn.       1  Sg 

Jn.  10    W-l 

Jn.  13    W-l 

Jn.  17    W-2 

Jn.30  T-2 

May  19 

1,513 

Jn.       1  Sg 

Jn.  12  P-W 

Jn.  16    W-l 

Jn.  19    W-2 

Jn.30   T-l 

May  26 

599 

Jn.      6  Sg 

Jn.  14  Sg 

Jn.  20    W-l 

Jn.24    W-2 

Jn.30    W-3 

Although  the  trend  differences  in  dates  between  any  two  successive 
plantings  may  not  be  especially  significant,  the  fact  that  differences  do  exist 
indicates  the  advisability  of  giving  information  relative  to  the  stage  of 
growth  of  the  observed  corn  when  comparisons  of  oviposition  in  one  year 
or  in  one  field  are  made  with  that  in  other  years  or  in  other  fields. 

It  is  usually  thought  that  the  first  generation  serves  to  build  up  the 
corn  borer  population  so  that  the  infestation  of  the  second  generation  may 
exceed  by  two  or  three  times  that  of  the  first.  In  the  current  study,  how- 
ever, no  planting  attacked  by  the  second  generation  of  borer  was  so  heavily 
infested  as  the  first  planting  of  the  season,  although  plantings  9  and  10 
were  almost  as  severely  attacked.  The  infestation  on  planting  number  1 
was  unusually  heavy — the  heaviest  ever  observed  at  the  Experiment  Sta- 
tion farm  and  one  of  the  heaviest  on  record.  If  the  geographic  areas  kept 
under  observation  are  considered  as  a  unit,  regardless  of  the  number  of 
plants  therein,  a  total  of  53,953  eggs  was  deposited  by  moths  of  the  first 
generation  and  a  total  of  155,782  eggs  was  deposited  by  moths  of  the 
second  veneration. 


The  lower  infestation  on  a  per  plant  basis  by  the  second  generation  would 
seem  to  be  an  effect  of  dilution,  although  the  moths  of  the  second  genera- 
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tion  were  not  the  offspring  of  the  particular  first-generation  borers  within 
the  geographic  area  considered,  since  dissection  of  the  corn  plants  was 
made  before  the  borers  matured.  An  abundance  of  corn  of  all  sizes  in 
fields  within  easy  flight  distance  from  the  experimental  plots  provided  an 
adequate  population  of  moths  for  oviposition.  There  was  no  gradient  of 
infestation  across  either  field  in  any  direction,  and  although  wide  variation 
occurred  among  the  completely  randomized  plots,  the  infestations  over  the 
whole  fields  were  more  uniform  than  might  have  been  expected. 

The  dilution  of  infestation  on  a  per  plant  basis  can  be  explained  in  terms 
of  the  duration  of  each  generation,  and  as  a  direct  consequence,  the  amount 
of  corn  available.  The  oviposition  of  the  first  generation  rose  to  a  pro- 
nounced peak  and  then  declined  to  nothing  within  an  interval  of  six  weeks 
(see  Table  7).  The  oviposition  of  the  second  generation,  on  the  other  hand, 
was  distributed  over  a  period  of  11  weeks,  although  that  of  the  last  three 
weeks  was  negligible.  Moreover,  the  peak  of  the  trend  was  less  definite 
than  in  the  first  generation  and  may  be  said  to  cover  a  period  of  four  weeks 
during  which  time  the  number  of  eggs  deposited  exceeded  20,000  each 
week  (on  both  corn  hybrids). 

Because  of  the  shorter  time  during  which  the  first-generation  moths  were 
in  flight,  only  six  plantings  of  corn  (1,187  plants)  were  available  for  ovi- 
position. For  the  second  generation,  on  the  other  hand,  12  plantings  (2,309 
plants)  were  available.  Furthermore,  among  the  first  six  plantings  much 
of  the  corn  was  too  small  to  favor  oviposition,  thus  the  bulk  of  the  infesta- 
tion was  concentrated  on  the  first  two  plantings.  For  the  most  part  during 
the  second  generation,  corn  in  all  growth  stages  was  available,  with  the 
stages  more  favorable  for  egg  deposition  represented  in  all  plantings  sub- 
ject to  attack  (see  Table  3). 

The  extent  to  which  dilution,  as  outlined  above,  affects  the  infestation 
in  commercial  plantings  is  almost  impossible  to  determine.  A  uniform 
series  of  plantings  with  different  growth  stages  represented  in  equivalent 
numbers  is  probably  never  attained  in  the  usual  field  planting.  And  it  has 
never  been  demonstrated  whether,  in  the  absence  of  corn  in  stages  favor- 
able for  oviposition,  the  corn  borer  moths  will  withhold  their  eggs,  or 
realize  their  reproductive  capacities  by  ovipositing  on  very  young  corn  or 
on  other  cultivated  or  weed  hosts.  There  is  little  doubt,  however,  that  in 
Connecticut,  because  so  much  more  late  than  early  corn  is  grown,  the  dilu- 
tion factor  is  considerable,  and  frequently  may  mask  a  high  total  population 
of  corn  borers. 

The  distribution  of  the  actual  number  of  eggs  observed  relative  to  the 
srowth  staee  of  the  corn  is  sriven  in  Table  3. 
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These  patterns  bring  out  a  number  of  points  which  are  important  to  an 
understanding-  of  corn  borer  infestations.  Marked  differences  appear 
between  the  oviposition  of  the  first  and  second  generations  of  moths.  It 
is  obvious  that  for  both  corn  hybrids,  the  bulk  of  the  first-generation  eggs 
go  on  plants  of  the  early  tassel  (T-l)  and  earlier  stages,  whereas  the  bulk 
of  the  second-generation  eggs  go  on  the  early  tassel  (T-l)  and  later  stages. 
This  is  largely  a  matter  of  availability  of  plant  material  at  the  time  of 
moth  flight,  as  seen  in  the  tendency  for  those  stages  present  at  the  time  of 
maximum  moth  abundance  to  receive  the  greatest  number  of  eggs.  This 
tendency  is  modified  only  when  the  plants  are  young  enough  to  be  affected 
by  the  discrimination  of  the  corn  borer  moth  in  favor  of  the  later  growth 
stages.  Thus  in  plantings  4  and  5,  and  12,  13  and  14,  the  growth  stages 
receiving  the  most  eggs  do  not  strictly  coincide  with  those  present  when 
moth  abundance  was  greatest. 

To  what  extent  the  corn  borer  moth  discriminates  in  favor  of  the  later 
stages,  without  respect  to  availability,  may  be  seen  in  a  consideration  of 
part  of  the  data.  Among  plantings  numbered  4  to  11,  inclusive,  plants  of  all 
growth  stages  were  present  at  all  times  from  July  15  to  August  4.  At 
any  given  time  each  stage  was  represented  by  approximately  the  same 
number  of  plants.  The  eggs  deposited  during  this  time  were  distributed 
as  indicated  in  Table  4.     Comparisons  of  these  figures  are  misleading  in 

Table  4.     Distribution  of  Corn  Borer  Eggs  on  Corn  Growth  Stages  When  All 
Stages  Were  Equally  Available 

Plant 

stage  Marcross  Lexington  Total 

Sg    142 

P-W    113 

W-l   164 

W-2 1,281 

W-3  1,757 

T-l  3,422 

T-2    4,886 

T-3    2,226 

S-l  7,555 

S-2  4,106 

S-3  4,715 


view  of  the  fact  that  each  stage  is  not  equivalent  in  time  and,  hence, 
exposure  to  oviposition.  Thus  during  the  period  under  consideration  the 
seedling  stage  averaged  two  weeks  in  length,  whereas  other  stages  ranged 
from  two  to  eight  days.  If,  then,  the  oviposition  data  indicated  above  are 
divided  by  the  average  duration  (in  days)  of  each  corresponding  growth 
stage,  and  the  resulting  figures  reduced  to  proportions  by  considering  the 
oviposition  on  the  seedling  stage  as  unity,  indices  of  discrimination  are 
obtained  as  shown  in  Table  5.     A  very  definite  trend  is  obvious,  which 


172 

314 

14 

127 

268 

432 

2,492 

3,773 

1,569 

3,326 

4,259 

7,681 

4,106 

8,992 

1,261 

3,487 

7,257 

14,812 

4,792 

8,898 

4,994 

9,709 

Fate  of  Eggs  181 

confirms  observations  previously  reported  (Beard  and  Turner,  4)  that  no 
significant  oviposition  occurs  on  plants  younger  than  the  mid-whorl  stage, 
at  least  when  older  stages  are  available. 

Table  5.    Relative  Number  of  Eggs  Deposited  per  Unit  of  Time  on  Each  Growth 
Stage  of  Corn,  When  All  Stages  Are  Equally  Available 

Plant  stage  Marcross  Lexington 

Seedling  1                  1 

P-W  3                .25 

W-l  4                6 

W-2  15  26 

W-3  65  62 

T-l  78  80 

T-2  110  82 

T-3  77  50 

S-l  141  108 

S-2 96  92 

S-3  -1  -1 

1  Could  not  be  calculated  since  the  duration  of  the  stage  was  not  lenown. 

It  may  be  concluded,  then,  that  marked  differences  in  pattern  of  infesta- 
tion relative  to  growth  stages  of  corn  appear  between  the  first  and  second 
generations  of  corn  borer.  Except  for  the  discrimination  by  the  corn  borer 
moth  in  ovipositing  upon  older  plants,  availability  at  time  of  maximum  ovi- 
position determines  which  plant  stages  receive  the  most  eggs.  Though  the 
smaller  corn  tends  to  escape,  it  too  may  be  attacked  under  the  impact  of 
heavy  oviposition. 

FATE  OF  EGGS 

Observations  on  the  fate  of  eggs  were  made  only  to  facilitate  the  inter- 
pretation of  borer  establishment  and  survival  relative  to  the  growth  stages 
of  corn. 

Parasitism  can  easily  be  noted,  and  the  loss  of  an  egg  mass  prior  to 
hatching  can  be  determined  with  reasonable  accuracy.  A  predatorized  egg 
mass,  on  the  other  hand,  cannot  be  distinguished  with  real  assurance  from 
one  which  has  hatched  unless  the  eggs  are  kept  under  much  closer  observa- 
tion than  was  possible  in  the  present  experiment.  By  actual  comparison, 
egg  masses  fed  upon  by  coccinellid  larvae  and  adults  resembled  very 
closely  egg  masses  which  had  hatched.  In  some  cases,  when  only  a  portion 
of  an  egg  mass  was  devoured,  or  when  the  predator  was  observed  in  the  act 
of  feeding  or  when  small  punctures  in  collapsed  eggs  indicated  hemipterous 
feeding,  predation  was  obvious.  For  the  most  part,  however,  the  ragged 
appearance  of  an  egg  mass  could  not  with  accuracy  be  attributed  to  the 
feeding  of  a  predator  to  the  exclusion  of  the  chewing  by  the  borer  at  the 
time  of  hatching.  For  these  reasons,  only  those  egg  masses  actually 
observed  to  be  fed  upon  were  considered  predatorized.  This  is  unfor- 
tunate, and  in  the  data  below  the  survival  of  borers  (in  terms  of  hatched 
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eggs)  is  minimized1  on  this  account,  for  it  is  known  that  during-  the  summer 
of  1942  predation  on  corn  borer  eggs  (and  newly  hatched  larvae)  was 
heavy.  As  before  noted,  this  was  principally  due  to  predatory  mites,  thrips, 
coccinellid  larvae  and  adults,  lace-wing  (Chrysopa  spp.)  larvae  and  the 
Hemiptera  Nabis  ferus  L.  and  Orius  insidiosus  Say.  The  latter  in  particu- 
lar was  unusually  abundant,  attacking  both  the  eggs  and  young  larvae  of 
the  borer. 

In  a  relatively  few  cases  desiccation,  mechanical  injury  and  infertility 
prevented  the  eggs  from  hatching.  Also,  occasionally,  unhatched  eggs 
wTere  present  at  the  time  the  plants  were  dissected.  The  proportion  of  eggs 
lost  did  not  vary  significantly  among  plantings,  nor  among  different  growth 
stages. 

The  per  cent  of  total  eggs  parasitized2  in  each  planting  of  each  hybrid 
is  given  in  Table  6.  Although  marked  differences  appear  among  plantings, 
definite  trends  are  somewhat  obscured.     However,  when  the  parasitism 

Table  6.    Egg  Parasitism,  by  Plantings 

, ■ — Per  cent  of  corn  borer N 

Planting  Date  of  eggs  parasitized 

number  planting  Marcross  Lexington 

1   April  17  5.4  4.6 

2  29  4.2  3.2 

3   May    11  2.4  2.5 

4 19  1.0  0.7 

5  26  0.7  4  6 

6   June      1  3.3  72 

7  8  12.7  7.8 

8  13  11.3  13.1 

9  18  6.2  6.4 

10  23  5.7  5.4 

11   29  8.4  8.2 

12  July      6  14.7  11.5 

13  11  7.4  11.5 

14  16  8.8  4.2 


is  considered  in  terms  of  the  total  eggs  deposited  on  both  hybrids  by  calen- 
dar dates,  it  becomes  clear  that  any  appreciable  per  cent  of  parasitism  is 
found  only  following  a  build-up  of  a  large  host  density  and  that  at  the  time 
of  maximum  oviposition  by  the  corn  borer  moth,  when  a  high  rate  of  para- 
sitism would  be  most  effective,  the  rate  of  parasitism  is  10  per  cent  or  less. 
It  should  be  pointed  out  that  the  division  of  the  data  on  oviposition  and 
parasitism  into  weekly  units  is  arbitrary,  in  view  of  the  fact  that  observa- 
tions on  all  corn  were  not  made  at  definite  calendar  intervals.  Although  the 
numbers  involved  are  large  enough  to  smooth  out  attendant  discrepancies, 
the  emphasis  should  be  placed  on  the  trend,  rather  than  absolute  values  for 
any  given  date. 


1  Since   mortality   is   attributed  to  larval   motality,   when   it   should  be   attributed   to   egg  mortality. 

2  Principally,  if  not  entirely,  by   Trichogramma  pretiosa  Riley. 
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Table  7.     Egg  Parasitism,  by  Dates 


Total  t-gg-^ 

Date  deposited 

May  30  571 

June    6  7.426 

13  22,700 

20 17,495 

27  4,165 

July     4  1,596 

11  

18  1,098 

25  7,881 

Aug.    1  ' 41,606 

8  36,642 

15  28,485 

22  29,220 

29  8,521 

Sept.    5  1,341 

12  596 

19  311 

26  81 

Total  209,735 


Number 

parasitized 


Per  cent 
parasitized 


65 

0.87 

313 

1.38 

1,406 

8.04 

504 

12.10 

159 

9.96 

26 

2.37 

476 

6.04 

2,388 

5.74 

3,213 

8.77 

2,451 

8.60 

2,935 

10.04 

1,486 

17.44 

248 

18.49 

48 

8.05 

15,718 


7.49 


It  is  the  number  of  hatched  eggs  that  is  important  here.  For  purposes 
of  comparison  on  survival  it  is  more  important  to  refer  the  number  of 
borers  found  to  the  number  of  hatched  eggs  than  to  the  total  number  of 
eggs  deposited,  as  the  condition  of  the  corn  plant  has  less  to  do  with  the 
hatching'  of  the  eggs  than  with  the  establishment  and  development  of  the 
larvae.  Hence  the  eggs  which  were  lost,  parasitized  or  for  other  reasons 
known  not  to  have  hatched  were  deducted  from  the  total  number  of  eggs 
in  estimating:  survival. 


SURVIVAL  OF  BORERS 

In  this  study  the  term  survival  should  not  be  considered  in  the  usual 
bionomic  sense,1  but  in  reference  to  the  number  of  borers  present  at  the 
time  the  corn  plants  were  dissected.  The  plants  were  dissected  when  they 
reached  a  given  stage  of  maturity,  namely  in  the  latter  phases  of  the  late 
silk  stages.  Consequently,  in  some  plantings,  such  as  those  numbered  6,  7 
and  8,  most  of  the  borers  found  were  in  the  first  three  instars,  whereas  in 
some  of  the  other  plantings,  only  fourth  and  fifth  instar  larvae  and  pupae 
were  found.  In  a  strict  survival  sense,  there  is  quite  a  difference,  for  the 
larvae  are  subject  to  various  factors  of  mortality  from  the  time  they  become 
established  in  the  plant  until  the  time  of  pupation.  The  present  treatment 
does  not  take  this  into  consideration,  and  hence  the  term  survival  is  used 
advisedly.  With  the  exception  of  very  few  cases,  the  borers  did  not  have 
time  to  mature  before  the  plants  were  dissected. 

Pertinent  data  on  borers  present  at  time  of  plant  dissection  are  given  in 
Table  8.    For  reference,  the  number  of  eggs  deposited,  expressed  in  num- 


1  That   is,   the  percentage   of   full-grown  larvae  resulting  from   a    given   number   of   hatched   eggs. 


184 


Connecticut  Experiment  Station 


Bulletin  471 


ber  per  10  plants,  are  given,  as  are  the  average  number  of  borers  found  per 
10  plants.  Survival  is  here  expressed  as  the  number  of  borers  present  at 
time  of  plant  dissection  out  of  1,000  presumably  hatched  eggs. 

Table  8.     Oviposition,  Borer  Population  and  Borer  Survival  on  14  Plantings 
of  Marcross  and  Lexington  Hybrid  Corn 


Marcross 

Lexington 

Borers  per 

Borers  per 

1,000 

1,000 

Planting 

Date  of 

Eggs  per 

Borers  per 

hatched 

Eggs   per 

Borers  per 

hatched 

number 

planting 

10  plants 

1©  plants 

eggs 

10  plants 

10  plants 

eggs 

1 

April  17 

1,421 

301 

242 

1,362 

229 

191 

2 

29 

689 

107 

173 

532 

75 

156 

3 

May     11 

473 

61 

145 

491 

48 

140 

4 

19 

207 

18 

118 

282 

21 

100 

5 

•       26 

215 

6 

62 

297 

8 

63 

6 

June      1 

632 

41 

159 

582 

44 

162 

7 

8 

728 

50 

135 

786 

58 

123 

8 

13 

1,089 

74 

130 

1,096 

64 

111 

9 

18 

1,235 

187 

200 

1,338 

177 

182 

10 

23 

1,385 

190 

182 

1,271 

169 

167 

11 

29 

1,087 

106 

118 

1,165 

137 

149 

12 

July       6 

858 

94 

144 

909 

104 

150 

13 

11 

518 

48 

116 

683 

50 

99 

14 

16 

347 

31 

104 

327 

25 

84 

An  infestation  of  30  borers  per  plant  (301  per  10  plants),  as  was  the 
case  in  the  first  planting  of  Marcross,  is  unusually  high.  The  figures 
given  include  the  borers  found  in  the  tillers  as  well  as  the  main  stalk  but, 
even  so,  the  borer  population  was  well  in  excess  of  that  usually  encoun- 
tered. Stalk  damage,  though  conspicuous,  was  not  great  enough  to  prevent 
proper  pollination  and  development  of  the  ears.  The  ears,  however,  were 
so  severely  damaged  that  they  would  have  been  unmarketable. 

Covering  the  period  of  the  first-generation  borer,  each  successive  plant- 
ing of  corn  is  less  severely  attacked  by  the  borer.  The  smaller  number 
of  larvae  is  not  only  a  direct  result  of  diminished  oviposition  but,  given  the 
same  number  of  hatched  eggs  in  each  case,  the  survival  of  the  borers 
decreases.  Such  trends  on  natural  infestations  are  but  confirmations  of 
information  derived  from  studies  made  on  artificial  infestations.  It  has 
previously  been  reported  (Beard  and  Turner,  4)  that  when  known  num- 
bers of  hatching  eggs  were  placed  on  plants  of  different  growth  stages,  a 
gradient  of  survival,  increasing  with  older  growth  stages  (earlier  plant- 
ings), was  noted,  but  the  survival  on  plants  younger  than  the  late  whorl 
stage  was  of  little  importance. 

The  borer  populations  in  corn  grown  during  the  period  of  the  second 
generation  tend  to  follow  the  oviposition  trend,  but  the  survival  rates  do 
not  vary  with  such  regularity  as  in  the  first  generation.  No  definite  trend 
appears,  but  a  more  or  less  uniformly  high  level  of  survival  is  apparent. 
The  drop  in  survival  rate  at  the  very  end  of  the  season  can  probably  be 
attributed  to  the  fact  that  this  corn  was  very  late  for  such  hybrids  as  Mar- 
cross and  Lexington,  and  conditions  late  in  the  season  were  abnormal  for 
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the  development  of  the  corn  and,  possibly  as  a  consequence,  abnormal  for 
the  borer. 

The  obvious  conclusion  to  be  drawn,  however,  is  the  difference  between 
the  two  generations  in  the  matter  of  survival.  With  the  first  generation, 
a  decreasing  survival  is  noted  with  successive  plantings,  paralleling  the 
shift  in  oviposition  toward  the  younger  growth  stages.  With  the  second 
generation,  on  the  other  hand,  the  lack  of  such  a  tendency  can  be  attributed 
to  the  distribution  of  corn  borer  eggs  chiefly  on  growth  stages  of  the  plant 
more  favorable  for  the  establishment  and  survival  of  the  larvae.  The 
pattern  of  infestation  by  the  first  generation  is  not  repeated  by  the  second 
generation  insofar  as  the  condition  of  the  host  plant  is  concerned. 

In  view  of  the  fact  that  four  of  the  plantings  were  infested  by  both 
generations  of  borers,  a  segregation  of  the  composite  survival  data  should 
be  made.  This  is  possible  because  at  the  time  of  dissection  those  larvae  in 
the  fourth  instar,  fifth  instar  and  pupal  stages  could  be  assigned  to  the 
first  generation,  whereas  the  younger  larvae  were  certainly  offspring  of  the 
second-generation  moths.  There  was  some  evidence  for  a  slight  overlap 
between  generations,  but  for  the  most  part  the  break  between  the  two 
generations  was  sufficiently  definite  to  be  recognizable. 

Table  9.     Number  of  Borers  Present  at  the  Time  of  Plant  Dissection  Per 
1,000  Presumably  Hatched  Eggs 


Planting 

Date  of 

planting 

First  generation 

Second  generation 

number 

Marcross 

Lexinj 

;ton                Marcross 

Lexington 

1 

April  17 

242 

191 

2 

29      l 

173 

15( 

3 

May    11 

148 

n; 

I                        0 

0 

4 

19 

121 

9< 

I                      79 

244 

5 

26 

90 

5* 

i                      30 

68 

6 

June      1 

71 

41 

162 

169 

7 

8 

135 

123 

8 

13 

130 

111 

9 

18 

200 

182 

10 

23 

182 

167 

11 

29 

118 

149 

12 

July      6 

144 

150 

13 

11 

116 

99 

14 

16 

104 

84 

The  survival  gradient  for  the  first  generation  is  even  more  apparent  here 
than  in  the  composite  data,  although  it  should  be  pointed  out  that  oviposi- 
tion of  the  first  generation  on  plantings  numbered  5  and  6  and  of  the 
second  generation  on  plantings  3,  4  and  5  numbered  less  than  1,000  eggs 
each,  so  the  averages  as  given  represent  an  extension  of  the  data  and  should 
be  interpreted  accordingly.  Thus  for  planting  number  3,  hatched  egg" 
masses  of  the  second  generation  numbered  only  four  on  Marcross  and 
eight  on  Lexington  (104  and  141  eggs  respectively),  and  it  is  not  surpris- 
ing that  no  larvae  were  recovered.  On  the  other  hand,  the  observance  of 
larvae  from  a  few  newly  hatched  egg  masses  could  account  for  the  high 
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survival  figure  for  the  second-generation  larvae  on  planting  number  4  of 
Lexington.  Where  the  oviposition  was  sufficiently  great,  however,  there  is 
no  trend  of  second-generation  borer  survival  that  can  be  correlated  with  the 
stages  of  plant  growth  at  time  of  infestation. 

In  view  of  the  increased  survival  attending  infestation  of  older  growth 
stages,  it  is  contrary  to  expectation  that  the  survival  in  most  of  the  second- 
generation  period,  which  reflects  the  infestation  of  tassel  and  silking  stages, 
is  less  than  that  in  planting  number  1,  which  was  infested  principally  in  the 
whorl  and  tassel  stages.  Unfortunately,  it  is  not  known  that  the  silking 
stages  are  more  favorable  for  establishment  and  survival  of  the  borer, 
although  they  are  generally  assumed  to  be  so.  The  work  reported  by 
Beard  (4),  previously  mentioned,  in  which  hatching  eggs  were  placed  on 
plants  of  different  stages,  did  not  include  silking  stages,  and  other  workers 
have  not  approached  the  problem  in  this  way.  This  reduced  survival  may 
possibly  be  due  to  a  factor  only  indirectly  associated  with  the  growth  stage 
of  corn,  and  that  is  predation  by  Orius  insidiosus  Say. 

It  was  mentioned  above  that  predation  by  this  hemipteran  was  unusually 
heavy  during  the  1942  season,  but  it  could  not  be  evaluated.  Barber  (1) 
reported  that  O.  insidiosus,  particularly  in  its  nymphal  stages,  becomes  most 
plentiful  on  corn  possessing  moist  silk.  This  would  correspond  to  the  early 
and  mid-silking  growth  stages.  Since  both  adults  and  nymphs  prey  upon 
the  eggs  of  the  corn  borer,  as  well  as  on  the  young  larvae,  their  effect  in 
reducing  the  survival  could  be  considerable.  Dr.  C.  H.  Batchelder  (per- 
sonal communication)  from  studies  on  the  corn  ear  worm,  also  made  in 
New  Haven  County,  believes  that  the  abundance  of  0.  insidiosus  in  1942 
could  well  account  for  a  decreased  survival  of  the  corn  borer,  particularly 
in  view  of  the  succession  of  plantings  as  was  made  in  the  present  study 
which  would  provide  for  the  continuous  presence  of  moist  silk  and  a  con- 
sequent build-up  of  the  population  of  0.  insidiosus. 

These  data  point  to  the  general  conclusion  that,  whereas  the  borer  popula- 
tion tends  to  follow  the  intensity  of  oviposition,  this  tendency  is  modified 
by  differential  survival  rates  which  are  largely  governed  by  the  stage  of 
corn  plant  growth  at  the  time  of  oviposition.  Differences  in  survival  rates 
between  the  two  generations  of  the  insect  can  thus  be  explained. 

CORN  BORER  INJURY  TO  EARS 

Turner  (4)  noted  that  with  larger  infestations  of  the  corn  borer,  a  greater 
proportion  of  the  ears  became  infested.  This  tendency  can  be  seen  readily 
in  data  obtained  in  the  current  study  (Table  10).  The  infestation  of  the 
first  four  plantings,  can  be  attributed  principally  to  borers  of  the  first  gen- 
eration, and  the  infestation  of  plantings  6  to  14,  inclusive,  can  be  attributed 
for  the  most  part  to  borers  of  the  second  generation.  Because  of  the  small 
numbers  of  borers,  of  both  generations,  the  data  for  planting  number  5  are 
not  considered  here.  If  each  of  the  four  sets  of  data  (two  generations  in 
each  of  the  two  hybrids)   is  considered  separately,  a  curve  may  be  fitted 
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to  describe  the  observations.    When  the  number  of  borers  per  10  plants  is 
transformed  to  logarithms,  and  the  per  cent  of  ears  infested  is  transformed 

Table  10.     Per  cent  of  ears  Infested  Relative  to  Borer  Population 


Date  of 

Marcross 

Lexington 

Planting 

Number  borers 

Per  cent 

Number  borers 

Per  cent 

number 

planting 

per  10  plants 

infested  ears 

per  10  plants 

infested 

1 

April  17 

301 

98 

229 

90 

2 

29 

107 

85 

75 

66 

3 

May    11 

61 

67 

48 

41 

4 

19 

18 

23 

21 

28 

5 

26 

6 

13 

8 

5 

6 

June      1 

41 

19 

44 

32 

7 

8 

50 

32 

58 

33 

8 

13 

74 

51 

64 

45 

9 

18 

187 

82 

177 

71 

10 

23 

190 

87 

169 

82 

11 

29 

106 

71 

137 

79 

12 

July      6 

94 

64 

104 

62 

13 

11 

48 

42 

50 

37 

14 

16 

31 

36 

25 

35 

to  probability  units   (probits),  a  rectilinear  relationship  pertains  in  each 
case.    The  slopes  of  the  respective  lines  as  calculated  are  as  follows : 

First  generation  on  Marcross  b  =  2.29 
Second  generation  on  Marcross  b  ==  2.23 
First  generation  on  Lexington  b=  1.86 
Second  generation  on  Lexington  b  =  1.75 

The  position  of  each  line  is  determined  by  the  mean  probit  of  the  per  cent 
of  ears  infested  and  the  mean  logarithm  of  the  observed  population  densi- 
ties. If  the  lines  depart  significantly  from  parallelism,  any  differences 
would  have  to  be  referred  to  each  level  of  infestation.  On  the  other  hand, 
if  the  data  could  be  fitted  by  lines  which  were  parallel,  they  would  be 
equidistant  at  all  levels  of  infestation,  and  the  difference  in  borer  popula- 
tions required  to  produce  the  same  ear  infestation  could  be  expressed  as  a 
simple  ratio  or  on  a  percentage  basis.  The  Marcross  data  can  certainly  be 
expressed  as  parallel  lines,  using  the  combined  slope  of  both  generations, 
which  is  calculated  to  be  b=2.27. 


These  data  are  illustrated  in  Figure  1,  in  which  the  per  cent  of  ears 
infested  is  plotted  on  a  probit  scale,  and  the  number  of  borers  per  10  plants 
is  plotted  on  a  logarithmic  scale.  It  is  obvious  that  the  two  generations 
are  different  and  that  a  lower  borer  population  of  the  first  generation  than 
of  the  second  generation  is  required  to  effect  the  same  percentage  of  ear 
infestation.  Since  the  individual  regression  lines  are  parallel  well  within 
the  limits  of  error,  it  can  be  stated  that  to  cause  the  same  percentage  of 
ear  infestation,  approximately  58  per  cent  of  the  number  of  borers  in  the 
second  generation  will  be  required  by  the  first  generation.  For  example, 
200  borers  per  10  plants  of  the  first  generation  or  about  345  borers  of 
the  second  generation  will  cause  95  per  cent  of  the  ears  to  become  infested. 
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Similarly,  the  Lexington  data  can  be  expressed  as  parallel  lines,  using 
the  combined  slope  (b=1.80)  of  the  data  for  both  generations,  and  it  may 
be  stated  that  approximately  70  per  cent  of  the  number  of  borers  in  the 


ECOND     GENERATION 


30        50  100  200  400 

Number  of  borers   per  ten  plants 

Figure  1.  Relation  of  per  cent  of  ears  infested  (on  probit  scale) 
to  population  density  of  borers  (on  logarithmic  scale)  on  Marcross 
corn.  Calculation  of  combined  slope  based  upon  probits  of  per  cent 
of  ears  infested  and  logarithms  of  the  number  of  borers  per  10  plants. 

second  generation  will  be  required  by  the  first  generation  to  cause  the 
same  percentage  of  ear  infestation.  In  other  words,  there  is  less  difference 
between  the  two  generations  in  Lexington  than  in  Marcross. 

Although  statistical  analysis  demonstrates  that  all  four  individual  regres- 
sion lines  can  be  expressed  as  parallel  within  the  limits  of  error,  using  a 
combined  slope  of  b=2.05,  there  is  enough  apparent  difference  (see 
Figure  2)  between  the  Marcross  data  and  the  Lexington  data  to  suggest 
that  there  may  be  a  real  difference  between  the  two  hybrids  in  the  ear 
infestations  as  related  to  borer  population,  and  that  comparisons  might 
better  be  made  at  each  level  of  infestation.  It  seems  clear,  however,  that 
in  the  first  generation  a  consistently  lower  level  of  population  will  be 
required  in  Marcross  than  in  Lexington  to  cause  the  same  ear  infestation. 
In  the  second  generation,  on  the  other  hand,  the  differences  are  probably  not 
significant,  unless  perhaps  at  the  higher  levels  of  infestation. 

This  discrepancy  between  the  first  and  second  generations  can  be  seen 
in  the  data  published  by  Turner  (op.  cit.) . 

Insofar  as  the  data  in  Table  10  are  applicable,  corn  with  growth  habits 
similar  to  the  hybrids  used  here  will  produce  more  borer-free  ears  when 
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planted  during"  the  last  two  weeks  in  May  and  the  first  two  weeks  in  June. 
The  infested  ears  of  plantings  6,  7  and  8  were  not  seriously  injured  since 


% 
98 

90 


o    70 


<u 
0- 


50 


30 


10 


0,A  Marcross,  first  generation 

•,B  Marcross,  second  generation 
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Figure  2.  Relation  of  per  cent  of  ears  infested  (on  probit  scale) 
to  population  density  of  borers  (on  logarithmic  scale),  on  Marcross 
and  Lexington  hybrids.  Calculation  of  combined  slopes  based  upon 
probits  of  per  cent  of  ears  infested  and  logarithms  of  the  number  of 
borers  per  10  plants. 

the  small  larvae  present  were  chiefly  in  the  silk  and  outer  husk,  and  would 
normally  pass  unnoticed  and  be  removed  when  the  ear  was  husked. 

It  was  previously  reported  (Beard,  4)  that  the  developing  tassel  is  the 
portion  of  the  plant  most  frequented  by  the  borer  until  the  ear  shoots 
develop,  and  then  the  developing  ears  receive  the  larger  proportion  of 
borers.  When  the  tassel  sheds  pollen  and  begins  to  dry,  those  borers 
resident  there  migrate  to  secondarily  infest  other  parts  of  the  plant,  notably 
the  stalk.  If  these  conditions  are  applicable  to  field  populations,  those 
plantings  infested  when  in  growth  stages  showing  developing  ears  (T-l 
and  subsequent  stages)  would  show  a  larger  proportion  of  the  borers 
resident  in  the  ears.  The  following  table  (Table  11)  shows  a  tendency 
conforming  to  this  conclusion  for,  although  the  correlation  is  not  rigid, 
a  decreasing  percentage  of  borers  was  resident  in  ears  of  the  first  four 
plantings,  and  a  generally  higher  percentage  of  borers  was  resident  in  ears 
of  subsequent  plantings  of  corn. 

If  the  Marcross  data  in  Table  11  (disregarding  those  of  planting  num- 
ber 5)  are  plotted  on  an  arithmetic  grid  along  with  the  population  trend 
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(Figure  3),  it  is  clear  that  the  proportion  of  total  borers  present  in  ears 
is  not  related  to  the  population  density,  except  indirectly  in  the  first  gen- 
eration.    Instead,  the  relationship  is  with  time  and,   by  inference,  with 

Table  11.     Per  cent  of  Total  Borers  Present  in  the  Ears 


Planting 
number 


Date  of 
planting 


Marcross 


Lexington 


1    April  17 

2  29 

3   May    11 

4  19 

5   26 

6  June      1 

7 8 

8 13 

9 18 

10  23 

11 29 

12  July      6 

13   11 

14  16 


22.5 
17.3 
11.9 
11.2 
47.6 
30.3 
29.4 
26.4 
•23.1 
25.7 
21.1 
20.2 
17.4 
19.7 


19.4 
14.1 
10.6 
12.1 
11.8 
34.0 
29.5 
25.3 
20.4 
22.2 
20.4 
16.0 
15.0 
26.9 


30 


25 


20 


15 


10 


Percent    of   borers 
in   ears 
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Figure  3.  Chart  showing  corn  borer  population  trend  (number 
of  borers  per  plant  at  time  of  dissection)  and  trend  of  the  percentage 
of  total  borers  resident  in  the  ears  of  Marcross  corn. 

growth  stage.  When  viewed  in  consideration  of  Table  3,  it  appears  that 
the  younger  the  corn  at  the  time  of  oviposition,  the  lower  is  the  percentage 
of  borers  resident  in  the  ears. 
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The  above  data  demonstrate  that  in  corn  attacked  by  the  second-genera- 
tion borer  there  are  fewer  ears  infested,  but  the  infested  ears  contain  more 
borers  than  in  corn  attacked  by  the  first  generation.  The  greater  number 
of  borers  present  in  ears  seems  well  explained  by  the  fact  that  the  primary 
infestation  is  principally  in  the  ears  and  ear  shoots  rather  than  in  the  tassel. 
The  reason  for  the  fewer  ears  becoming  infested  by  the  second  generation  is 
not  apparent.  It  is  possible  that  in  the  first  generation  the  greater  number 
of  ears  being  infested  is  associated  with  the  secondary  infestation  attending 
the  migration  of  borers  from  the  tassel  in  the  plant  stages  subsequent  to  T-3. 

Patch  et  al.  (11)  stated  that  the  stage  of  plant  development  at  the  time 
of  borer  infestation  is  an  important  factor  in  the  reduction  in  yield  of  field 
corn,  and  that  plants  infested  early  in  their  development  suffered  greater 
reduction  due  to  the  longer  duration  of  borer  feeding  and  the  larger  size 
of  the  borers  during  the  period  of  ear  production.  The  problem  of  reduced 
yield  in  field  corn  is  somewhat  different  from  the  problem  in  sweet  corn, 
where  the  interest  is  principally  in  the  production  of  borer-free  ears. 


COMPARISONS  BETWEEN  INFESTATIONS  ON  MARCROSS 
AND  LEXINGTON  HYBRIDS 

Oviposition 

Because  of  the  preference  of  corn  borer  moths  to  oviposit  upon  taller 
corn,  as  well  as  upon  corn  in  older  growth  stages,  it  was  hoped  that  a 
differentiation  of  the  two  conditions  might  be  achieved  by  comparing  ovi- 
position on  the  hybrid  Marcross  with  that  on  Lexington,  which  was 
expected  to  parallel  Marcross  in  development,  but  to  grow  taller.  The 
corn  actually  grown,  however,  showed  no  striking-  differences  in  height 
between  the  two  hybrids.  Time  did  not  permit  the  taking  of  many  measure- 
ments during  the  middle  of  the  season,  but  measurements  on  corn  in  the 
whorl  and  tassel  growth  stages  indicated  no  statistically  significant  differ- 
ences between  the  two  hybrids.  Measurements  taken  on  three  plantings  of 
corn  at  the  time  the  plants  were  dissected  (late  silk-roasting  ear  stage) 
indicated  a  tendency  for  Lexington  to  be  taller,  but  the  difference  is  not 
great,  as  shown  in  the  following  table : 

Table  12.     Average  Height  of  Corn  at  the  Time  of  Dissection 

Date  of 

planting  Marcross  Lexington 

June  29  55.9  in.  58.5  in. 

July     6  57.7  58.4 

July    11    54.0  56.7 


Likewise  no  marked  differences  in  leaf  area  exist  between  the  two 
hybrids  as  judged  by  the  number  of  tillers  produced  by  each.  The  average 
number  of  tillers  produced  per  10  plants  of  each  hybrid  in  each  of  the 
last  eight  plantings  is  tahulated  in  Table  13. 
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Table  13.    Average  Number  of  Tillers  per  10  Plants 

Date  of 

planting                                                                                                   Marcross  Lexington 

June     1  22  23 

8  23  23 

13  23  25 

18  25  23 

23  25  25 

29  22  23 

Julv     6  19  20 

11  18  21 

16  10  13 


Just  as  these  differences  in  plant  size  are  slight,  the  increased  oviposition 
on  Lexington  over  Marcross  is  very  slight,  and  it  may  be  concluded  that 
either  the  differences  are  meaningless  or  the  discrimination  on  the  part  of 
the  moths  to  oviposit  on  taller,  more  leafy  plants  is  extremely  acute.  Sta- 
tistical analysis  indicates  that  on  only  one  planting,  that  made  on  May  29, 
was  the  difference  in  oviposition  between  the  two  hybrids  great  enough  to 
exceed  the  5  per  cent  level  of  significance  (t-test).  There  is  no  obvious 
reason  why  this  one  planting  should  show  significant  differences,  and  this 
significance  is  minimized  by  the  fact  that  fewer  eggs  were  deposited  on  this 
planting  than  on  any  other. 

Borer  Population 

The  seasonal  trends  of  the  borer  populations  in  the  two  hybrids  parallel 
each  other.  In  seven  of  the  plantings,  the  borer  population  is  greater  in 
Marcross  than  in  Lexington,  and  in  the  remaining  seven  the  reverse  is  true. 
To  a  large  extent  the  differences  can  be  attributed  to  the  differences  in  num- 
bers of  eggs  present,  but  differential  survival  rates  also  appear. 

Survival  of  Borers 

Reference  to  Table  9  shows  that  the  survival  of  corn  borers  in  Lexington 
is  less  than  that  in  Marcross  in  every  planting  attacked  by  the  first  genera- 
tion. The  survival  of  second-generation  borers,  however,  is  not  so  sharply 
divided.  In  five  of  the  plantings  survival  was  greater  in  Lexington  and  in 
six  of  the  plantings  survival  was  greater  in  Marcross.  Subjected  to  statis- 
tical analysis,  however,  the  data  show  that  only  the  differences  between  the 
two  hybrids  in  planting  number  1  and  planting  number  3  are  significant,  and 
the  others  are  only  suggestive,  or  non-significant  statistically.  The  trend 
for  the  first  generation  seems  too  consistent  to  be  due  to  mere  coincidence. 

In  view  of  the  differences  in  susceptibility  to  the  borer  by  corn  in  different 
growth  stages,  an  analysis  of  the  development  of  the  two  hybrids  is  essen- 
tial. If  the  silking  date  alone  is  considered,  it  was  found  that  in  six  of  the 
plantings,  50  per  cent  or  more  of  the  plants  in  a  given  planting  of  Lexing- 
ton were  in  silk  on  the  same  day  as  a  comparable  number  of  Marcross 
plants.     In  the  other  eight  plantings,  Lexington  was  one  day  behind  Mar- 


Comparisons  Between  Infestations 


193 


cross.  Considering  the  maturity  of  the  two  hybrids,  comparisons  cannot  be 
made  because,  for  the  most  part,  plant  dissections  were  made  prior  to  the 
roasting-  ear  stage.  Lexington  was  probably  from  zero  to  four  days  behind 
Marcross,  although  in  Figure  4,  which  illustrates  four  representative  ears  of 
each  hybrid  picked  on  the  same  day,  no  appreciable  difference  in  maturity 
is  evident,  with  the  exception  of  the  fourth  ear  of  Lexington,  which  is 
definitely  immature.     As  before  mentioned,  however,  dates  of  silking  and 


Figure  4.  Illustration  of  ears  of  Marcross 
(above)  and  of  Lexington  (below)  picked  on 
August  4  from  corn  planted  June  1. 


maturity  are  inadequate  to  compare  the  growth  of  the  two  hybrids,  and  so 
a  comparison  of  all  growth  stages  yields  the  following  table,  in  which  are 
given  the  number  of  days  difference  between  Marcross  and  Lexington 
in  the  reaching  of  each  plant  stage  by  50  per  cent  or  more  of  the  plants  in 
each  planting. 
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Figure  5.  A.  View  looking  down  into  whorl  of  Lexington  plant  in  late  W-2  stage. 
Tassel  still  enclosed  by  rolled  leaves.  B.  Marcross  plant  of  same  age  as  Lexington 
plant  in  A.  but  tip  of  tassel  can  be  seen.  W-3  stage.  C.  Row  of  Marcross  corn  in 
W-2    staee.     D.    Row    of    Marcross    corn    in    W-3    stage. 
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It  is  apparent  that  no  difference  in  growth  of  the  two  hybrids  occurs 
through  the  mid-whorl  stage.  In  reaching  the  last  whorl  stage,  however, 
Lexington  is  delayed  by  from  one  to  three  days  in  every  planting.     In  no 

Table  14.    Number  of  Days  Difference  in  Development  Between  Marcross  and 
Lexington  at  Each  Plant  Stage1    +  Lexington  ahead;    -  Lexington  delayed 


Planting 

Sg 

P  w 

W  1 

W2 

W3 

T  1 

T2 

T  3 

S  1 

S  2 

S3 

1     

0 

0 

0 

-1 

-2 

-1 

-1 

-2 

-1 

-3 

0 

7 

0 

-1 

0 

-1 

0 

0 
0 

-3 
-3 

-2 
-3 

-3 
-2 

-2 

-1 

-1 
-1 

-2 

-4 

-1 

3     

....    +1 

-3 

4    

0 

0 

+1 

+1 

-1 

-1 

0 

-1 

0 

-1 

-2 

5    

....    -1 

+1 

+1 

+1 

-1 

0 

0 

-1 

0 

-1 

-1 

6   

0 

0 

0 

+1 

-2 

-1 

0 

-1 

-1 

-1 

-1 

7   

0 

0 

+2 

0 

-2 

-1 

-1 

0 

-1 

-1 

-1 

8   

0 

0 
0 

+1 
-1 

0 

-1 

-2 

-2 

-2 
-1 

-2 

-T 

-1 
-1 

-1 

0 

0 
0 

—  i 

9   

0 

-1 

10   

0 

0 

-1 

0 

-1 

-1 

-4 

-1 

-1 

-2 

-2 

11    

0 

0 

0 

-1 

-3 

-3 

-3 

-2 

0 

0 

-1 

12    

0 

0 

0 

0 

-2 

-1 

0 

-1 

0 

-2 

0 

13    

0 

0 

0 

0 

-2 

-2 

-3 

-2 

0 

0 

-? 

14    

+1 

0 

-1 

0 

-2 

-1 

-1 

-1 

-1 

-1 

0 

1  Based  on  date  each  stage  reached  by  50   per  cent  or  more  of  the  plants  in  a   given  planting. 

other  growth  stage  is  the  delay  so  consistent,  although  Lexington  is  never 
ahead  of  Marcross  in  any  subsequent  stage.  This  delay  is  not  maintained 
uniformly  for,  as  before  mentioned,  the  silking  date  may  be  considered 
to  be  the  same  or  to  differ  by  no  more  than  one  day. 

Characteristic  of  the  delay  in  reaching  the  late  whorl  stage  by  Lexington 
is  the  reluctance  of  the  terminal  leaf  to  unroll  and  expose  the  developing 
tassel  (cf.  A,  B,  Figure  5).  This  (tendency  is  one  of  those  which  character- 
izes a  resistant  corn.  This  is  particularly  marked  in  the  resistant  inbred 
Illinois  R  4,  and  in  hybrids  with  R  4  as  one  parent.  According  to  Patch 
(8),  the  hybrid  R  4  x  Hy  may  have  its  tassel  enclosed  by  a  roll  of  leaves 
for  7.6  days  longer  than  a  comparable,  less  resistant  hybrid  (A  x  Tr). 
Patch  concluded,  however,  that  this  tendency  was  not  a  real  delay  in  the 
corn  development  since  the  dates  of  pollen  shedding  and  silking  were  essen- 
tially the  same  for  the  two  hybrids.  A  delay  of  7.6  days  could  be  highly 
significant  if  the  bulk  of  the  infestation  occurred  at  this  time  for,  as 
before  mentioned,  60  per  cent  of  the  oviposition  may  occur  within  five  days, 
and  it  is  at  the  late  whorl  stage  that  larval  survival  becomes  increasingly 
significant. 

It  is  obvious  that  a  delay  at  this  point  would  favor  resistance  to  the  corn 
borer,  provided  the  delay  were  real,  and  not  just  apparent.  What  consti- 
tuted a  real  delay  in  terms  of  corn  borer  survival  will  not  be  known  until 
the  fundamental  factors  affecting  corn  borer  survival  are  understood. 
These  would  seem  to  include  nutritional  factors.  Although  Bottger  (5,  6) 
has  approached  the  problem  of  nutritional  requirements  of  the  corn  borer, 
the  chemical  changes  in  the  intact  plant  associated  with  plant  development 
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are  largely  unknown.  Aside  from  vegetative  growth,  the  principal  change 
occurring  in  the  late  whorl  stage  is  the  appearance  of  the  tassel  which  has 
been  developing  within  the  whorl  of  leaves.  The  stage  of  pollen  forma- 
tion within  the  anthers  should  indicate  whether  there  is  any  actual  delay  in 
development  which  is  reflected  by  the  enclosure  of  the  tassel  by  leaves. 
Consequently,  cytological  examination1  was  made  to  determine  the  stages 
of  pollen  formation  in  plants  of  the  late  whorl  stage  and  the  beginning  and 
latter  phases  of  the  early  tassel  stage.  The  anthers  on  the  terminal  branch 
of  the  tassel  develop  before  those  on  lateral  branches,  so  samples  of  both 
were  taken  from  representative  plants  of  each  hybrid.  The  stages  of  pollen 
formation2  as  found  are  tabulated  in  Table  15.    These  observations  demon- 


Table  IS.     Stages  of  Pollen  Formation  in  Late  Whorl  and 

Tassel  Stages 

Early 

Marcross 

Lexingl 

on 

Plant  stage 

Nuclear  stage 

Starch 

Nuclear  stage 

Starch 

W-3     Lateral  anther 

Microspore 
1  nucleus 

Not  evident 

Microsporocyte 
Diakinesis  of 
meiosis 

None 

Terminal  anther 

Microspore 
2  nuclei ; 
shortly  after 
division  I 

Not  evident 

Microspore 
1  nucleus 

Not  evident 

T-l      (Early) 

Lateral  anther 

Microspore 
2  nuclei 

Little,  just 
starting  to 
develop 

Microspore 
1  nucleus 

Very  little, 
if  any 

Terminal  anther 

Microspore 
2  nuclei 

Little 

Microspore 
1-2  nuclei 

Little 

T-l      (Late) 

Terminal  anther 

Microspore 
2  nuclei 

Little 

Microspore 
2-3  nuclei ; 
stages  of 
division  II 

Well  filled 

strate  that  Lexington  does  actually  lag  behind  Marcross  in  pollen  forma- 
tion until  the  early  tassel  stage,  when  it  not  only  catches  up  with  Marcross 
but  may  be  further  developed  in  the  latter  phases  of  this  stage.  To  what 
extent  pollen  formation  is  associated  with  corn  borer  survival  is  not  known, 
but  it  is  true  that  in  the  later  whorl  stages  and  the  early  tassel  stages  the 
developing  tassel  is  the  plant  structure  most  favorable  to  the  borer,  and  it 
is  at  this  time  that  the  rate  of  larval  survival  is  markedly  increased. 

A  lag  in  development  at  this  time  would  result  in  a  lower  survival  of 
the  corn  borer  only  if  the  infestation  occurred  on  the  plant  stages  centering 
around  the  mid-whorl  stage,  for  the  delayed  appearance  of  the  tassel  implies 


x  Made  by  Dr.  Frances  Clark  Beard. 

2  In  the  formation  of  the  pollen  grain  the  microsporocyte  undergoes  two  meiotic  divisions  to 
form  four  microspores,  each  of  which  undergoes  division  into  a  vegetative  cell  and  a  generative 
cell.  The  latter  cell  further  divides  into  two  sperm  cells.  A  pollen  grain  thus  contains  a  vege- 
tative cell   and  two  sperm  cells.     Storage  of  starch  begins  in  the  microspore  stages. 
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a  longer  time  spent  in  the  mid-whorl  stage.  This  condition  is  met  with 
only  in  the  early  plantings  attacked  by  the  first  generation  of  the  corn 
borer.  In  fact,  as  mentioned  above,  it  is  only  in  plantings  numbered  1  and  3 
that  the  differences  in  survival  of  borers  in  the  two  hybrids  are  statistically 
significant.  On  theoretical  grounds,  planting  number  2  should  also  show 
significant  differences,  but  no  explanation  can  be  given  why  it  does  not. 
Because  in  the  tassel  and  silking  stages  establishment  and  survival  of  the 
corn  borer  is  at  a  much  higher  level  than  in  the  early  stages  of  plant 
development,  infestations  on  the  later  stages  of  plant  growth  should  result 
in  little  or  no  differences  in  survival  between  the  two  hybrids.  Here  is 
found  an  explanation  for  the  absence  of  a  tendency  towards  lower  survival 
in  Lexington  than  Marcross  in  those  plantings  attacked  by  the  second- 
generation  corn  borer. 

If,  then,  these  two  hybrids  were  observed  during  the  first  generation 
alone,  Lexington  would  be  considered  somewhat  resistant  to  the  borer  as 
compared  with  Marcross.  And,  since  this  resistance  can  be  correlated 
with  some  degree  of  assurance  with  the  pattern  of  infestation  relative  to 
the  growth  stages  of  the  corn,  a  parallel  is  observed  between  this  resistance 
and  the  gradient  of  borer  survival  with  later  growth  stages.  This  is 
emphasized  when  the  survival  rates  (borers  per  1,000  eggs)  of  the  first 
generation  are  arranged  in  a  descending  numerical  order, 

Planting  Marcross 

num/ber  Lexington 

1   242 

1   191 

2  173 

2  156 

3  148 

4  121 

3  112 

4  94 

5  90 

5  58 

6  71 

6  41 

wherein  Lexington  behaves,  insofar  as  supporting  the  borer  is  concerned, 
as  corn  planted  at  a  later  date  than  its  corresponding  planting  of  Marcross, 
or  as  a  hybrid  which  matures  more  slowly  than  was  actually  the  case. 

Although  admittedly  only  two  hybrids  are  compared,  and  the  differences 
and  similarities  are  not  entirely  discrete,  these  data  suggest  that  the  resist- 
ance of  one  hybrid  as  compared  with  another  and  the  resistance  of  a  young 
growth  stage  compared  with  an  older  growth  stage  are  but  two  expressions 
of  the  same  fundamental  factor  or  factors  responsible  for  a  lower  rate  of 
borer  survival.  In  other  words,  there  may  not  be  anything  chemical  or 
physical  inherent  in  one  hybrid  or  inbred,  and  not  in  another,  which  is 
responsible  for  decreased  corn  borer  survival.  Rather,  due  to  differential 
growth  rates  during  those  plant  stages  in  which  the  corn  becomes  increas- 
ingly able  to  support  the  borer  and  at  a  time  when  oviposition  is  heavy,  one 
strain  of  corn  is  less  heavily  infested  and  is  considered  "resistant".  Indeed, 
Flint  et  al.  (7)  stated  that  "in  a  strain  of  corn  in  which  resistance  to  attack 
by  the  borer  is  to  be  developed,  three  protective  characteristics  are  con- 


198  Connecticut  Experiment  Station  Bulletin  471 

sidered  desirable:  1.  Delayed  emergence  of  the  tassel.  2.  Slow,  early 
development  of  the  plant  and  rapid  late  development  3.  Relatively  late 
maturity."  The  relationship  between  differential  growth  and  the  time  of 
oviposition  has  not  been  sufficiently  emphasized.  Recently,  however,  Patch 
(10)  has  reported  that  differences  in  borer  survival  between  the  resistant 
field  corn  hybrid,  111.  Hy  X  R4,  and  the  susceptible  hybrid,  111.  A  X  Ind. 
Tr,  diminished  as  the  plants  approached  the  pollen  shedding  stage  at  the 
time  of  the  borer  hatching. 

If  the  data  presented  above  have  any  general  applicability,  a  very  impor- 
tant implication  arises.  If,  as  appears  to  be  the  case,  the  resistance  of 
hybrids  and  inbreds  of  field  corn  depends  upon  a  retardation  of  growth 
during  less  susceptible  stages  of  growth  at  a  time  when  corn  borer  attack  is 
at  its  peak,  the  resistance  will  not  be  apparent  if  the  bulk  of  the  infestation 
occurs  on  the  older,  more  susceptible  growth  stages.  Thus  resistant  strains 
of  field  corn,  when  planted  relatively  late  in  areas  harboring  the  bivoltine 
strain  of  corn  borer,  may  be  as  susceptible  to  borer  attack  as  the  less 
resistant  strains,  simply  because  the  second-generation  borer  is  well  sup- 
ported by  susceptible  growth  stages  of  the  otherwise  "resistant"  hybrid 
or  inbred.  This  conclusion  has  some  observational  support  for,  although 
definite  data  were  not  recorded,  Dr.  D.  F.  Jones,  geneticist  at  the  Connecti- 
cut Experiment  Station,  noted  that  among  field  corn  inbreds  some  of  the 
so-called  resistant  strains,  including  the  highly  resistant  Illinois  R  4  and 
Iowa  L317  (Patch,  9),  were  fully  as  susceptible  as  other  inbreds  attacked 
by  the  second-generation  borer  in  1942.  This  is  very  significant  in  view 
of  the  fact  that  in  the  recent  major  spread  of  the  European  corn  borer 
throughout  the  extensive  Corn  Belt  the  bivoltine  strain  of  borer  is  involved. 

SUMMARY  AND  CONCLUSIONS 

In  order  to  study  the  pattern  of  corn  borer  infestation  relative  to  growth 
stages  of  sweet  corn,  14  plantings  of  Marcross  and  Lexington  hybrids  were 
observed  for  borer  oviposition  and  survival.  The  initial  planting  was  most 
severely  attacked,  and  successive  plantings  attacked  by  the  first  generation 
were  less  severely  infested.  Subsequent  plantings  became  increasingly 
infested  by  the  second-generation  borer  until  the  ninth  planting,  and  there- 
after the  infestation  declined. 

Except  for  growth  stages  too  small  to  favor  oviposition,  availability  of 
growth  stages  at  time  of  maximum  oviposition  determines  which  stages 
receive  the  most  eggs.  The  tendency  for  oviposition  to  be  delayed  on  some 
plantings  until  the  plants  reach  a  favorable  size  is  responsible  for  shifts 
in  the  oviposition  trend  as  related  to  time.  The  total  number  of  eggs 
deposited  by  the  second-generation  corn  borer  greatly  exceeded  that  of  the 
first  generation,  although  on  a  per  plant  basis,  the  first  planting  of  the 
season  received  the  greatest  number  of  eggs.  Because  of  the  presence  of 
the  second-generation  moths  over  a  much  longer  period  of  time  than  the 
first  generation,  much  more  corn  was  available  to  attack  by  the  second 
generation.  The  bulk  of  the  first-generation  eggs  was  deposited  on  corn 
in  the  early  tassel  stage  and  younger,  whereas  most  of  the  second-genera- 
tion eggs  were  deposited  on  corn  in  the  early  tassel  and  later  stages.  The 
pattern  of  infestation  by  the  first-generation  borer,  relative  to  corn  growth 
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stage,  was  not  repeated  in  any  planting  attacked  by  the  second-generation 
borer. 

The  fate  of  eggs  was  considered  only  as  an  aid  in  estimating  survival. 
The  tendency  for  the  borer  population  to  parallel  the  intensity  of  oviposi- 
tion  was  modified  by  differential  survival  rates,  which  seem  to  be  gov- 
erned principally  by  the  growth  stage  of  the  plant  at  the  time  of  borer 
establishment.  At  the  same  level  of  borer  population,  corn  attacked  by 
the  second  generation  has  fewer  infested  ears  than  that  attacked  by  the  first 
generation,  but  the  ears  which  are  infested  contain  more  borers.  The 
percentage  of  infested  ears  is  related  to  the  total  borer  population,  whereas 
the  percentage  of  borers  resident  in  the  ears  is  related  to  the  growth  stage 
of  corn  at.  the  time  of  infestation. 

In  growth  habit,  Lexington  differs  from  Marcross  chiefly  in  a  tendency 
for  increased  height  and  a  delay  in  reaching  the  late  whorl  stage.  Ovi- 
position  on  the  two  hybrids  did  not  differ  significantly,  but  survival  of 
the  first-generation  borer  was  consistently  lower  in  Lexington  than  in  Mar- 
cross.  Survival  of  the  second-generation  borer  did  not  differ  significantly 
between  the  hybrids.  The  difference  between  the  two  generations  in  regard 
to  survival  is  explained  on  the  basis  of  differential  growth  rates  at  growth 
stages  critical  to  borer  establishment.  It  is  suggested  that  the  resistance  of 
corn  at  different  growth  stages  and  the  resistance  of  one  strain  of  corn  as 
compared  with  another  are  but  two  expressions  of  the  same  fundamental 
phenomenon,  and  that  a  "resistant"  strain  may  owe  its  resistance  to  a 
differential  growth  rate  at  a  particular  time  relative  to  the  pattern  of  infes- 
tation.    If  the  pattern  is  different,  the  resistance  may  be  lost. 
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